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Regarding to method which polymerizes propylene making 
use of the catalyst which consists of transition metal catalyst 
component and aluminoxane which are chosen from isopropyl 
(cyclopentadienyl -1- fluorenyl ) hafnium dichloride and 
isopropyl (cyclopentadienyl -1- fluorenyl ) zirconium 
dichloride, transition metal catalyst component and/or 
aluminoxane bearing chlorine of chloride and said chloride 
which arechosen from sodium chloride* potassium 
chloride* magnesium chloride* calcium chloride and 
aluminum chloride in inactive carrier which is chosen from 
salt which is made fluorine* bromine or iodine 
manufacturing methodo of syndiotactic polypropylene which 
it uses and makes feature 



{Industrial Area of Application } 

this invention regards manufacturing method of syndio £ 9 
chip polypropylene. 

Details regard method which produces syndiotactic 
polypropylene of high bulk specific gravity with per catalyst 
high yield. 

[Prior Art] 

Concerning syndiotactic polypropylene from existence was 
known old, but low temperature syndiotacticity is bad with 
catalyst which consists of conventional vanadium compound 



(57)[Claim(s)] 
[Claim 1] 



[Description of the Invention] 



[Prior Art] 
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and the ether and organoaluminum, displays feature of 
syndiotactic polypropylene with wasdifficult to call method 
which is polymerized. 

syndiotactic pentad content, satisfactory polypropylene of 
kind of tacticity which 0.8exceeds is acquired was for first 
time discovered with the catalyst which consists of transition 
metal catalyst and aluminoxane which possess the asymmetric 
ligand vis-a-vis this, with J.A.EWEN and others (Journal of 
the American Chemical Society (0002 - 7863, JACSAT ), 
1988, 110, 6255 - 6256). 

{Problems That Invention Seeks to Solve } 

method activity of per transition metal being satisfactory with 
theabove-mentioned J.A.EWEN and others, furthermore it is a 
method where the tacticity of polymer which is acquired is 
superior highly, but granularity of polymer which is acquired 
to be small furthermore bulk specific gravity beingsmall, 
properties of polymerization slurry being deficiency, it 
cannotremove heat of polymerization there was a problem 
that such as, handling of polymer powder where productivity 
is acquired furthermore badly is difficult. 

{means in order to solve problem } 

these inventors solving above-mentioned problem, diligent 
investigation did concerning method which productivity well 
it produces polypropylene where syndiotacticity is high in 
high activity and completed this invention. 

Namely, as for this invention regarding to method which 
polymerizes the propylene making use of catalyst which 
consists of transition metal catalyst component and the 
aluminoxane which are chosen from isopropyl 
(cyclopentadienyl -1- fluorenyl ) hafnium dichloride and 
isopropyl (cyclopentadienyl - 1 - fluorenyl ) zirconium 
dichloride, transition metal catalyst component and/or 
aluminoxane bearing chlorine of chloride and said chloride 
which arechosen from sodium chloride* potassium 
chloride* magnesium chloride* calcium chloride and 
aluminum chloride in inactive carrier which is chosen from 
salt which is made fluorine* bromine or iodine it is a 
manufacturing method of the syndio £ O chip polypropylene 
which it uses and makes feature. 



Regarding to this invention, as for transition metal catalyst 
component with isopropyl (cyclopentadienyl -1- fluorenyl ) 
hafnium dichloride* or isopropyl (cyclopentadienyl -1- 
fluorenyl ) zirconium dichloride which is stated in above- 
mentioned literature, inaddition as aluminoxane, General 
Formula* 
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It can illustrate compound which is displayed with (As for R 
in Formula hydrocarbon residue of carbon number 1—3 ) 
and the n those of 5 or greater preferably 10 or more is 
utilized with methyl aluminoxane where especially R is 
methyl group. 

They are 1 0 - 1 000000 molar multiple, usually 50 - 5000 
molar multiple as portion used of aluminoxane for above- 
mentioned transition metal catalyst component. 

In addition concerning polymerization condition there is not 
especially restrictionand solvent polymerization method, 
which uses inert medium or it can utilize also bulk 
polymerization method, vapor phase polymerization method 
where inert medium does not exist substantially. 

As polymerization temperature it is general to do with 
ambient pressure-100 kg/cm 2 -G, - as 100 - 200 deg C. 
polymerization pressure. 

It is a preferably- 1 00- 1 00 deg C. ambient pressure~50 
kg/cm 2 . 

Regarding to this invention, as for being important bearing 
transition metal catalyst component and/or aluminoxane in 
inactive carrier, there are times when it uses. 

Here chlorine of chloride and said chloride which are chosen 
from the sodium chloride, potassium chloride, magnesium 
chloride, calcium chloride and aluminum chloride as 
support, is chosen from salt which ismade fluorine, bromine 
or iodine. 

preferably anhydride is used here. 

Concerning method of bearing method where there is 
notespecially restriction, disperses above-mentioned support 
to the solution of transition metal catalyst component and/or 
aluminoxane, falls temperature and precipitates, or adds the 
poor solvent and precipitates. Or methodo which solvent 
evaporation removal is done 

Furthermore you can list method etc which with suitable 
functional group locks the transition metal catalyst component 
and/or aluminoxane on support. 

It can utilize also benzene, toluene, xylene or other 
aromatic hydrocarbon chemical compound to other than the 
for example propane, pentane. hexane. heptane, 
octane, nonane. decane. cyclopentane. cyclohexane or 
other saturated hydrocarbon compound as solvent which is 
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utilized in case of polymerization or bearing. 
{Working Example } 

Working Example is shown below and furthermore this 
invention is explained. 

Working Example 1 

4 hours silica gel which is calcined (Fuji Davison Ltd. make # 
951) in slurry which disperses 2 g to toluene of 20 ml, 
following to conventional method with 300 deg C,to lithium it 
converts isopropyl cyclopentadienyl - 1 - fluorene which it 
synthesizes, While agitating including those which melt 
isopropyl (cyclopenta diethyl -1- fluorenyl ) zirconium 
dichloride 10 mg which isacquired by fact that it reacts with 
zirconium tetrafluoride in toluene of 20 ml - it cools in 70 deg 
C and 1 hour furthermore after agitating,standing it does and 
removes supernatant, 10 min it agitatesfurthermore including 
toluene of 100 ml, standing does andremoves supernatant, 
Adding toluene of 10 ml, it made transition metal catalyst 
component slurry. 



1.5 mg/g-silica gel-containing it had done when you analyzed 
as transition metal catalyst component. 

While with 25 deg C maintaining at 2 kg/cm 2 -G, including 
those where the toluene 0.5.script-l. it loaded in autoclave of 
volume 2.script-l., it loaded slurry whichis synthesized with 
above-mentioned method with propylene atmosphere, it 
made2 kg/cm 2 -G furthermore including propylene, next melt 
methyl aluminoxane 0.67g of degree of polymerization 
approximately 15 of Toyo Akzo Ltd. make in toluene 10 ml 2 
hours youpolymerized. 

After polymerizing it removed slurry and it filtered dried and 
78 g acquired syndiotactic polypropylene. 

From filtrate, soluble component (According to infrared 
absorption spectrum it is a atactic polypropylene. ) 6.5 g was 
acquired on one hand in the toluene. 

As for limiting viscosity (Below, the;et you briefly describe. ) 
which was measured with tetralin solution of 135 deg C of 
powder 1.18, as for syndiotactic pentad content 0.948 was. 

Comparative Example 1 

You polymerized besides 3 mg it uses that way without 
bearing the transition metal catalyst component in same way 
as Working Example 1 . 

Approximately, necessity to add propylene completely 1 hour 
10 min laterwas gone, temperature became rise tendency, but 
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lowering temperature of cooling water, it corresponded. 

After polymerizing, it tried to remove slurry which is acquired 
butwithout being able to remove that way and adding toluene 
of 1 .script-1. and diluting it removed. 
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'So 



52 g s soluble portion were 27 g in toluene as insoluble 
portion. 

As for the;et of powder 1.21, as for syndiotactic pentad 
content 0.928 was. 

Working Example 2 

It made besides magnesium chloride (48 -hour it pulverized 
with vibrating mill. ) of anhydride is used as support similarto 
Working Example 1 . 

2. 1 mg/g-magnesium chloride it was borne as transition metal 
catalyst component. 

When you polymerized in same way, powder 68 g* toluene- 
soluble fraction 2.8 g were acquired. 

As for the;et of powder 1 .23, as for syndiotactic pentad 
content 0.943 was. 

Working Example 3 

With Working Example 1, bearing transition metal catalyst 
component, after washing, furthermore the methyl 
aluminoxane 0.67g it adds and - standing it does with 70 deg 
C and after removing supernatant, it changes into toluene and 
furthermore it adds methyl aluminoxane with hexane as 
polymerization solvent, not to be, you polymerized. 



powder 42g^ hexane soluble fraction 4.8g was acquired. 

As for the;et of powder 1 . 1 6, as for syndiotactic pentad 
content 0.943 was. 

Comparative Example 2 

It made besides hexane is used as polymerization solvent 
similar to Comparative Example 1 . 

There was not a thing which temperature is difficult to control 
midway ,but only 1 6 g it could acquire 23 g % soluble portion 
in hexane as insoluble portion. 

As for the;et of powder 1.13, as for syndiotactic pentad 
content 0.918 was. 

{Effect of Invention } 

It can acquire syndiotactic polypropylene with per catalyst 
high activity by executing method of the this invention and 
there is a quite value in industrially. 
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Drawings 

[mi m] 



[Brief Explanation of the Drawing(s)] 

Figure 1 is flow diagram in order to help fact that you 
understand method of this invention. 



{Figure 1 } 
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